Introduction
Volcanic rift zones are common features of basaltic ocean island and continental volcanoes, yet a full understanding of their role in the overall magma supply system and in controlling petrologic evolution remains elusive. An exception is Kilauea volcano (Hawaii), where interdisciplinary studies have provided deeper insight into the geometry and dynamics of the volcano's magma plumbing system (see review by Tilling and Dvorak [1993] ), yet many aspects, such as the geometry of the summit reservoir, remain controversial [Pietruszka and Garcia, 1999] . At Kilauea a nearly continuous supply of magma accumulates over time in a summit reservoir at 2-4 krn depth, gradually inflating the summit region. Episodic lateral injection of summit magma 
Geological Setting
The and north-south trending fissures, faults, and dikes are concentrated along its crest [Middlemost, 1972; Carracedo, 1994] .
Chronology of the 1949 Eruption
The short summary of the temporal evolution of the eruption given below is based on works by Bonelli Rubio [1950] 
Petrography and Mineral Chemistry
On the basis of petrography and whole rock chemistry, we divide the volcanic rocks of the 1949 eruption into three groups (compare Figure 2) : the tephrite group comprises tephritic pyroelastics and lavas from Duraznero and Llano del Banco (June 24 to July 10); the basanite group contains basanitic lavas and pyroelastics from Llano del Banco, Hoyo Negro, and Duraznero (July 10-30); and the phonotephrite group comprises tephritic to phonotephritic pyroelastics from Hoyo Negro (July 12-30). The Hoyo Negro pyroelastics form <1% of the total erupted volume.
Tephrite Group
Tephrites contain phenocrysts of clinopyroxene (3-5 vol %), kaersutite (1-2 vol %), Ti-magnetite (1-2 vol %), and rare plagioclase, hauyne, and olivine. The groundmass consists of glass with plagioclase laths (An53_56 [Kaiser, 1988] ) and clinopyroxene and oxide microlites. Only a few, small xenoliths are present, the most common type being hauyne-bearing alkaline gabbros.
Clinopyroxenes are titaniferous augites showing a wide compositional range and variable, in many cases complex, zonation. Two principal clinopyroxene types are recognized: type 1 (Mg# = 58-66) (Mg# = molar Mg/(Mg+Fetot)x100) is greenish and Narich and occurs dominantly as euhedral to anhedral cores, some of which are strongly resorbed; type 2 (Mg# = 70-80) is pale brownish and occurs as a mantle around type I cores, as individual phenocrysts, or as groundmass crystals (Table l a In most crystals, Ti strongly increases at the rim. Kaersutite (5-6 wt % TiO2) is reversely or irregularly zoned with Mg# = 50-66 in partly rounded cores and Mg# = 69-71 at narrow lighter-colored rims (Table lb) plagioclase, and are interpreted as xenocrysts. Olivine occurs as rare xenocrysts in schlieren and in a few hybrid samples compositionally between tephrites and basanites.
Basanite Group
The basanites can be subdivided geochemically into the Llano del Banco, Duraznero, and Hoyo Negro subgroups, as shown in section 7.1. Basanites contain phenocrysts of clinopyroxene (7-10 vol %), olivine (3-5 vol %), and minor Ti-magnetite. The groundmass consists of glass with plagioclase laths (An60-67) and clinopyroxene, olivine, and oxide microlites. Partly resorbed crystals or glomerocrysts of plagioclase, amphibole, and large clinopyroxene (>2 mm) are interpreted as disaggregated wall rock or xenoliths.
Clinopyroxenes are titaniferous augites petrographically resembling those in tephrites. Similarly, greenish type 1 (Mg # = 60-66) and brownish type 2 (Mg # = 74-83) clinopyroxenes can be distinguished, which differ from those in tephrites in having lower Ti and A1 and higher Cr contents, as well as a slightly higher Mg number (Table 1 a 
Tephrite Thermobarometry
According to the. relation of Duke [1976] , clinopyroxene coexisting with the tephrite melt or the bulk rock (Tables 2 and 3) has Mg # --73 and Mg # = 76, respectively, which is within the range for brownish type 2 clinopyroxenes. Applying the [Praegel, 1986] .
There is a good overlap of the calculated pressures for tephrite and basanite, suggesting that both fractionated at-600-800 MPa and possibly at higher pressures. This is in accordance with clinopyroxene preceding plagioclase as the fractionating phase [Fisk et al., 1988] Figure 4) , which is interpreted to reflect two levels of magma stagnation during ascent [Hansteen et al., 1998 ]. The range for olivine thus overlaps completely with that obtained by clinopyroxene-melt barometry, whereas the range for clinopyroxene overlaps with that for fluid inclusions in various xenoliths in the 1949 basanite [Hansteen et al., 1998 ]. The data suggest that the clinopyroxene-melt barometer and olivine fluid inclusions could preserve mantle pressures because magma stagnation at crustal levels was too short for reequilibration.
Zoning and Reaction Rates of Phenocrysts

O!ivine Phenocryst Zonations
In order to assess the magma ascent dynamics of the 1949 eruption we used diffusion kinetics to model the zonations of olivine phenocrysts. Because the effects of simultaneous crystal growth cannot be quantified precisely, we neglect them and only calculate diffusion times to constrain an upper limit for the actual time to produce the zonations. We focus on Fe-Mg interdiffusion in olivine because it is well known and little affected by simultaneous diffusion of trace elements [Chakraborty, 1997] using 
Amphibole Breakdown
Fine-grained, oxide-rich rims around kaersutite in some tephrites and most phonotephrites and the lack of such rims along cleavage cracks indicate amphibole breakdown resulting from reaction with the melt which reduced its dissolved water content during ascent, rather than from surface oxidation. The width of most reaction rims is -10-40 •tm in phonotephrites and up to 10
•tm in tephrites. Experiments with dacitic magma show that reaction rims of similar thickness form within days to weeks once amphibole becomes unstable due to decompression and melt degassing [Rutherford and Hill, 1993] . Other conditions being equal, the reaction rates increase with increasing temperature and decreasing melt viscosity (M. Rutherford, personal communication, 1998). Although these experiments cannot be directly applied to kaersutite breakdown in tephrites and phonotephrites, the results provide a rough estimate for the timescale involved. We thus propose that the observed reaction rims formed within days to weeks once kaersutite became unstable due to magma degassing.
Major and Trace Element Chemistry
Composition of Eruptive Products
The volcanic rocks from the 1949 eruption show a wide range in chemical composition (Table 3) Major elements in wt %; trace elements in ppm. Bas, basanite; Teph, tephrite; Phon, phonotephrite; Dur, Duraznero; HN, Hoyo Negro; SSR, sum of squared residuals; Calc, calculated; Resid, residual. See Table 3 The compositional differences between phonotephrites A and B are interpreted to reflect different storage depths and fractionation paths. Calculated models show that the principal path for phonotephrite A includes kaersutite and apatite fractionation, which is consistent with decreasing P205 and concave upward REE patterns, high Rb/Ba ratios, and relative Ti depletion of the most evolved rocks (Figures 6 and 8) , whereas the path for phonotephrite B includes olivine fractionation and possibly •-1% of apatite assimilation (apatite is common in cumulate xenoliths and as xenocryst inclusions). The more evolved phonotephrite A and B samples require contamination by wall rocks or phases such as titanite to explain their incompatible trace element contents. The higher kaersutite/olivine ratio of fractionating phases for phonotephrite A than phonotephrite B may indicate deeper fractionation levels and/or higher water contents, which is consistent with more degassing during ascent and more abundant reaction rims around kaersutites observed in phonotephrite A samples.
Discussion
Model of Ascent and Eruption of the 1949 Magmas
The simple model presented below illustrates the complexity of magma plumbing before and during the 1949 eruption. It is clearly not the only possible model and much of it is speculative due to lacking information; however, we believe that it is the simplest model consistent with the existing data and therefore serves as an end-member type model. 8.1.1. Storage and mixing in the mantle. After segregating from their source region the ascending magmas stagnated and differentiated to varying extents in reservoirs within the upper mantle. Mineral thermobarometry (Figure 4) indicates main fractionation levels at circa 600-800 MPa (20-26 km depth) and possibly also at 800-1100 MPa (26-36 km) which overlaps with green-core clinopyroxenes in historic and prehistoric lavas studied by us and other workers [e.g., Praegel, 1986] . We visualize magma storage within the upper mantle occurring in a network of partly interconnected "pockets" from which magma batches are periodically expelled, similar to scenarios proposed for other alkalic basaltic provinces [Duda and Schmincke, 1985; Dobosi and Fodor, 1992] . This is consistent with our geochemical data, indicating that the tephrites and basanites were not in prolonged contact but evolved and ascended separately until surface activity began. Figure 10d ). Over the next 2 days, the gradual emptying of the tephrite reservoirs in the mantle was followed by the ascent of basanite along the tephrite conduits, which produced minor intermixing.
Facilitated by its lower viscosity, eruption of the basanite at (Figure 11 ). Because the Kilauea system is almost continually supplied with new magma, geochemical differences among these three components are more subtle yet can be considerable in some cases. Not all erupted lavas pass through the summit reservoir, but mixing of distinct components within Kilauea's rift system is common [Garcia et al., 1996] . This results in more gradual variations in the composition of the erupted lavas, whereas the relatively abrupt changes typical for La Palma imply minimal damping of compositional fluctuations and by inference smaller magma bodies within the rift system [Albarbde, 1993] .
It is inferred that significant mixing and lateral magma transport beneath Kilauea occur in the deeper pans of the rift system 
